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Introduction: With a crystallization age of ~4.5
Ga [1,2], ALH84001 is uniqueamong the martian
meteorites. It is also thenly martian meteoritethat
contains an appreciable amount of carbonatevptl
%; 3], andsignificantly, this carbonateccurs without
associated secondary hydratednerals. Moreover,
McKay etal. [4] have suggestethat ALH84001 con-
tains evidence of pasmartian life in the form of
nanofossils, biogeniminerals, angbolycyclic aromatic
hydrocarbons (PAHS).

The presence of carbonate AhH84001 is espe-
cially significant. The early martian environment is
thought to havébeen more hospitable to lithan to-
day’s cold, dryclimate. It is possibl¢hat early Mars
had an atmosphere of 1 bar or more of,@@d seques-
tration of CQ in carbonatéhas longbeenamong the
possible explanations fdine “lost” CO, which must be
accounted for in models ofiartianatmospherievolu-
tion [e.g., 5]. The carbonates iALH84001 are
thought to havebeen produced by fluid-rockterac-

Experimental proceduredxygen isotope meas-
urementsvere performedising adefocused C§beam
to sputter a flat-bottomecrater ~15x20 pum in diame-
ter (Fig. 1). A normally incident electrdifood gun
was used to compensate for samplerging during
analysisand measurements were performed tagh
mass resolving power (>4500) wrder to eliminate
molecular interferences. The datare collected with
no energy filtering by measurinthe intense (up to
~10® cps) O peak in a Faraday cup (FC) equipped
with a Keithley 642 electrometer whithe O peaks
were pulse counted in an electromultiplier (EM) us-
ing the UCLA-built ion counting system. Measure-
ments of standardgdiscussed below)which were
mounted independently from th&in sections,were
made interspersed with those of the 84001 carbonates.
The raw datawere corrected for deadtim@mall ef-
fect), instrumental mass fractionation, Edield, and
matrix effects using data from the standards. Precision
is typically ~1%o per analysis sp@&ven accounting for

tion on Mars [e.g., 6,7], which is an important geologicthe uncertainties due the Ejtld andmass fractiona-

processthat appears to have fatted nearlyall of the
martiansamples we have [7,8]. Additionally, the al-
leged biomineralsthe nanofossilsand thePAHs are
all found to be associated with the carbonates [4].
One of the central areas @ébate concerning the
carbonates igheir temperature of formation, which
obviously is an extremelynportant factor in assessing
the suggestion made by McKayadt[4]. Based on the
oxygen isotopic compositions dfe carbonatesalcu-

tion corrections.

The primaryissuethat must bealealt with in the
analysis of thecomplex carbonates, such as those in
ALH84001, is the so-called matrix effegthich results
in minerals of different chemistries exhibiting different
magnitudes of instrumental mass fractionation
(presumably due to differences in ionization processes).
Our systematic survey afarbonate standardevealed
only al.8%. difference irinstrumental mass fractiona-

lated from compositions measured by acid-dissolutiontion between dolomiteand siderite (this difierence is

Romanek etl. [6] arguedthat thecarbonates formed
at temperaturebelow 100°C. However, Harvey and
McSween [9] usedhe distributions of major elements
in the carbonates to argtieat thecrystallizationtook
place at muchhigher temperatures, perhapgven

the matrixeffect), suggestinthatfor the “Ca, Fe-rich”
carbonates, most of whidre intermediate icompo-
sition falling between dolomiteand anintermediate
magnesite-siderite composition on a carbonate ternary
diagram (e.g., Fig. 3 oHarvey and McSween [9]),

>600°C. If the carbonates truly did form at tempera-matrix effectsare not an insurmouaile problem for

tures significantlyabovel00°C, a biologicabrigin for
features associated withem [4]would behighly un-
likely.

oxygen isotopic analysis.
To date, we have performed a total of eight oxy-
genisotopic analyses of carbonates in ALH84001. We

The oxygen isotopic data collected by Romanek ehave examined four different carbonate-bearing re-

al. [6] may not adequately constrathe conditions of
formation of the carbonatdsecause ofexperimental
difficulties associated with analyzing mixtures of

gions; two in each divo thin sections studied (,85 and
,168). Wepurposelydid not analyze calcite or mag-
nesite in this first round ddnalyses, but only studied

complex carbonates [10]. In order to better assess tlwarbonates with compositiomanging from the more

true %0 values, as well athe isotopic diversity and
complexity ofthe ALH84001 carbonates, direct meas-
urements of th@xygenand carbon isotopiccomposi-
tions of individual carbonate phases are needdere
we report in situ analyses &f°0 values in carbonates
from two polished thin sections of ALH84001 per-
formed usingthe UCLA CAMECA ims1270 ion mi-
croprobe.

Fe-rich magnesite-siderite compositions ttte Fe-
bearing dolomitic compositions documented by Harvey
andMcSween[9]. The datawere corrected fomatrix
effectsusing the average of instrumental mass frac-
tionation factors determined on our dolomite and
siderite standards and are reported relative to SMOW.
Resultsanddiscussion: The eight measurements

are reported iMable 1and the datdrom ,168 area D
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areshown in Fig. 1. Two importantobservations can with our observations.Our preliminary analysis indi-
be made: (1) alexcept one othe analyses havlower  catesthat atleast some othe carbonatewsere in iso-
5'%0 valuesthan the“Ca, Fe-rich” end-member of topic equilibrium withthe host rock ahigh tempera-
Romanek eal. [6], and (2) large heterogeneitiesver  tures (Romanek etl. [6] argued againdtigh tempera-
small distances can be seemenwithin thesecarbon-  turesbecauseheir analysis of the>'®0 of the carbon-
ates which all have similar major-element chemistries.ates revealedhem to be out of theange of +6 to
The observation of %0 values substantially +8%.). The situation islearly more complicatethan
lower thanthose reported by Romanekadt [6] is es-  simple high temperature isotopic equilibrium, however,
pecially important. Our datasuggestthat the tech- as evidenced bthe small-scale variability within and
nigue of sampling gasvolved atdifferent times from among different carbonate regions. Thalue of
acid-treated samples doast provide an accurate es- +21.6%o is particularly intriguing. Thiwvalue was
timate of theoxygen isotopic composition dhe car- measured in a small rosette of major element céteyni
bonates. In fact, using the end-membempositions similar to the other carbonates analyzedt within a
and abundances reported by Romanek et al. [6], if themegion that has high abundance of magnesite. Com-
was 10%contamination in the reported “Cle-rich” parison of this magnesite to othmscurrences of mag-
composition(this end-membehas 1.50ug C and®0  nesite, to be accomplished in thearfuture, will re-
= +13.3%o) by the “Mg-rich” end-member (6.16pug C; veal if this regioncould perhaps represent “late” crys-
+22.3%o0) thiswould drivethe trued'®0 of the “Ca, Fe- tallizing carbonateformed after fluidshad evolved
rich” end-member down te-+7%., more consistent isotopically or cooled.

Table 1. lon probe analyses of ALH84001 carbonates
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Figure 1. SEM BSE image of car-
bonates (carb) in ALH84001 after
isotopic analysis with the ims1270
ion microprobe. Orthopyroxene
(Opx), maskelynite (Msk), and
phosphate (Ph) are also present.
Three ion probe pits, labeled with
their measured'®0 values
(corrected for matrix effects and
instrumental mass fractionation),
are visible. Th&'®0 values of
these “Ca,Fe-rich” carbonates are
lower than the value calculated by
Romanek et al. [6] for carbonates
of this composition. The results
indicate heterogeneities at the mi-
croscale, but also that some of the
carbonates could have isotopically
equilibrated with the host-rock at
high temperatures.




